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S11OCK INDUCED DISSOCIATION OF I’OLYIH’IIYLENK”

C. E. MORRIS, E. I). LOLIGIIltAN, G. II’MORTENSEN, C. T. GRAY Ill, and M. S. SIIAW,

Los Ah.mos National Laboratory, Las Alamos, NM 87545 USA

To idcn[ify the physical processes occurring on the llugoniot, ~}mc.k-rcrovcry cxpmimcnts wore pciformcd. Cylin-

drical recovery systems were used that enabled a wide range of single-shock ]Iugoniot states to be examined.

Maw spectroscopy was used to examine the gaseous di~sociation products. X-ray and THM mcasurcmcl~~~ wrre

made to chartiterize the post-shock carbrm structurm. A dissociation product equation of state is prcscntml

to interrwet the observed results. Polyethylene (f)H) samph% that wcrr multiply shnckml to their final statrs
disswia~cd at much higher prmwurcs than singleshockd samplm.

1. IS’I.l{O1)[:(:”1.ION”

I’tdyrthylcnr (PkJ (-C112-(:IIZ-)mis used in a va-

:icty of ai}plications wlwrc a material of low shock

lll]M’’litflC4’ with rxrwlhmt insulating proprrlim is rr-

~uirrd. (;artcr ~r]d Nlnrsll] ~(;hl) ot)s~’rvwj a high-

)rmsurr ])]liLYtmLriinsilion on tho IIllgmi( IL, which t.hl’y

YMLIIlawd to tw a solid-solid phaw transition intn n

.rtragtmally tmndcd carbon structurr. .\ It4*rnativrly,

hwy suggmtrd this transformation was a dissociation

wacLmll ttJcarbon in Lhr diamond phaw and hydrogm

II :1 (“1111(1(’11 S{ ’1!lllOh’CUlilr l)hiL%(’. ‘1’1) illVw4tigiLtC’ th(’ llil-

urt’ of Lhis l)]liLY(’ transfornlatim, shork-rocmwry rx -

~t’rinw;lt% wrro l~c~riorllwd (m lMItlI sin~:b- ancl

nllltil}lc~ sh(rn.kr.l I]K sallllthw.

‘. EXI’I’:I{IKIEXT

“]’IJ i(!rlllify l]IIh l)tl(sllr}tllt’lllll!)~:y .N”(”llrril)l: it!t}llj! 1)11.

ill~,tmil~t, it is crw Idl U) (Iul)lir.;tlr : 4COSI sill~:lrsh[wk

l.ltl% ,1 nwtwrry ass. IIlll)ly ttlill l}rcdlwf~s ;;ifl~:h.

lICMh :. IAIIY! I+ :.tilnvll III li~;. 1. A I.L 111111(I IAIII, !)1

1111IIIIII! II II!II (It’nhi!y ([), !N14 ~:tlIf/IIII:t) 1’ 1”; SlIlllljlt’ i:i

1.11ml ill d [;,35 111111IIiiilll I)raw. llllJr. ‘I’II i:, 111111’ix

I.,,”,lll 11,[4, ., :.,s, III,(I S1.,,,11,,s:; !S1,-411(SS) tlil,c~ I Ili,l i,,

.-1; 1111111:;,1111 SS (111!11)111):., ,Irl, W’1.lllt’(1 11111)pl!llt’ 1~1

rilvlllc’ J\lill Illlllillt.llll .llt .11111!11 Ili’11111’111.Illy’ >1..111111”

11)31111. “1”111111’vl.111rx, I“!!%IVC,Ilt’clllllj: Ill 1110 I’K dllrlhl:

l,lc!lll~: It Il. I .111! .11111 W,l:. ! 111111’11I(I kw; t h,’ 1’1’: 11,.,11

Illtlll’111 I !)11111111111”! 1’!11’. ! ,111”.lllc’ W.1.’. 111,,11 J:lll,d It,

ill\ Wllllll tlw’ ,lhlll~: Wl!}l ,tnolllc’1 11111h W’dllc’tl ,*IWI

,!,,’ 1:’”1 111111Ill. 1111.(11,1111. “11 ~11111 11111’! 1,!1” 111.1111) “l”t,,.

Ilt II Icv,I II IIICO111II\ II IIW. .! It,’. II IVt IIf Illr II II II II IIt Ill I.1111.

I Ill’ W,lrh W,l.’. ..11,,1,,,,1,., I 11! 1111. I \ Ih,ll!lllllll.111 Ill

1.111.1):}

I ‘1

1
I

j I’l$tulllllt l!,l’ ,11 1

FI(; !II{E I
( ‘ylill~lfil ill rmlw~~ry systc”lll, ,1 ~wwylilll: Ildtmdl 11111
Walvt” III lii[ti}ll)t’ttliilic~ (Nhl) lJltI<lui.w+ ;I ~Iic.Itlv sf.11~.
\I.It II ( l~lllllri’~sl(lll wi~w- III (ht. lN}lyIIIIIVIICIIII ( I’k:) +JIII
111,.

\\l) .tllll .11!.11Ills.lllcll I IIlllilll’1lll’1 11. !1!1 ltldl A tllllll

11111111 !11 t.kpllhlw’ Ih Irylllll”ll “1’1) Ilt.lllll,llc’ 1111’ Nxl Iw,,

I ‘1 Ill Ill I till h %hwl.. Id IJc.f.l.’.lll’l ~‘ CI1l’1)1.11I’ll 1111[Ill

,,1 Ill!” ~ illlllll’1 .11111,11.llllldll”l I Wllll Jll I’:l\\f” IIi’1tlll.1

:.,1 Ili,ll w,~.. , ,.ll!!.l {.1I 1111III,’ ( vlIli III”l I;IIf I)c’1.1:.il,w’l 1I

,,,1, ~ ( “,,,,,1, ! “, 1}1,...,. ,.\l,l,,.,l\w, W1.lt, .11,,!1 111.Nml ‘.} 111

Illl”flll .Ill’l .Illlllllll Ill-” 1~’1IIvt”f} ~ .lll:,ul~’ 111111Ilc’fllll.ill”!

,,11 .\\! 1“!)1 ! 1,1’,.0.l.\~lltv. I\vn, Illr’11 111$ $%’.1’. Ilwl f~~ 11:

-II Itll” ‘.11.111’ Ili’lwwll Ihl, Illlli’1 I IIllllllo’lllc”lll IIltlm” .111,:

‘Ill. , .Ill”llllc” Ill Itll,. Ill,lllllt.1, ‘.llll.ltllr ~IIllllllrl:lt’ 111 \\Fl



wided without having t.o machine parts to close to]- -

rices. NM, Dctashed D, and Comp C were used

:ause these explosives did not have to be machinm.1.

is allowed us to rnakr incxpensive rccovcry sys~ ems.

e detonation velocities also spanned a sufficient ve-

ity range so that I’ll could be shocked to states both

we and below the transit.iarr pressure.

As the detonation wave travels down the cylindm,

imately a steady state Mach compression wave is

med. The evolution to steady state and the diamc+

of the Mach disk r(”lative to high explosive (lilt) has

m ~~xarnined for rromc cylindrical geon:et. ries.g The

ndy stat? ph.uw vrlmity of this Mach romprmsion

/e is Cqua] to thr dctt)naliurr V(’bcity of the cxp](>

? and is indrprndrnt of lhc contents of the corn-

ssed capsule. 1[ Lhc E(IS of the sample is known,

peak prmsurr in Lho xl “LCIIdisk for (~llc-dil:lcllsi[)rlal

)) flOWcan hr Ciiklllill{hii from tilt’ dclonati(m VOlOC-

(If the cxplusiv(’, l)~~~iiiis~’this is LhiS shuck vrlocit,y

the Mach disk that rrsult.s in thr cumprmsiun of

. h our ●xpminmlLs Ltw dimmtcr of the Mach disk

J made equal to or grmtm than thr dianmtcr of the

nple cavity by Huitahlr choicv of vxplosiw” lhic.knem

i rmtcr confimmwnl. For thi~ gcwnwtry Lhrrr is not

implc rc]ationfihip hrLwww Mach disk vrlncity and

npk prcssurr Iwrauw thr Mach di~k cmnpmrsion is

Iongrr 11). ‘1’hr Marh disk prmmr~ wiM varid hy

ng cxphsivw wilh dilrmmlt d~’tonation vrlocilim.

. our exprrimrnts, Nhl, I)vtaahwt I), and ( ~omp [ ~

w uaml ‘l”hvir drtf)naliim v~’locitim nrr rmlwrtivrly

2 krr;/s, 7.2 kIil/s, AII(I II.() km/n. “1.hr hfiirh disk

ssurr in Lhmr lmrtirulhr c~xpf”rinwwl~ will IN” dis.

A Iatvr.

OIW Prf)l)h-sll O1l(.f)llllhrl-(l ill W~(WI’rill~ h(’rllll’~i

Iy fl~d~i’(! ~A~)!411h% W.L% tllit~ , wlIPn thr r~)lill~rwmioll

w r{~arhwl th C~IIIl 1)1111:, A roh tcvl nll(m”k w~~ trhllN

.tod I)ac k IIIt{I I IW SaIIIIIII’ Ilur ((I tlIr Illwmatrli in

Irk illllwll~lll W, IICIIVVIVIII ,SS illlll l’I’; . l’.(~rIh“tiLdlWt

Illfl (:lmlp (“, I II(1 IrtlIv !w! ~hIIi k III ltw S5 tIIII! plu!{

\ Imrgv C*IIIIIIEIIIIJ 11111Itw Inllvr I lmllncvlwht tulw III

lit I(W1 19WIIIII III I ,IIIW 1,111111~1 ).IIr II IQVWlwi I Iil(lrv

r~c-tic rxj)l II:i Iv I%, IIlvlr lhII kilwl.1 WiL\ lIr.[11 I {)ll~l~rll

r;:)’){, IIf IIIV I ,1[1:,11141lI,IIt:llI .III. I [111,11 Idl)c,roll III ?orq)

k nmi dl I III. rIIIl III I h,, I ;tlIIIIIIV .I’lll.I rlli)(lili( II

I rmluc VII lhr ,IIII~IIIIIIIIV III 11191lr~sll<rllllrml Hh{m h

‘h~l ht~rirwl:t .Illv !,v.lll’c I I .IIII~lllm I IIIIICI II-” r(,llllllc.ly

Ilvtw(l

‘1.c) i.x~llllrl(’ I t)rlillrw...it)ll I IIrw-l WIIIII II 1111, lIIIIIIIC. I

ICI III{ rm:,r I!. 1,,,,,. Itl,lll 1111 ItIt’ 1111111Ipll llll~:lmllll,

,

111 experiments could I.Mperformed where I’E is saml-

wiched between two steel platm. An altmnat.ive ap-

proach we used was to make composito PIt/Cu sam-

ples, bccausc these composite samples could hv va.sily

employed in our prcmnt cylindrical capsulm. Co]}pcr

particles, 18-prn-diam, were uniformly clistrihutcd in

PE. A volume pcr cmlt of I>K/Cu that could rasi]y br

processed was 57.3% l’K~42.7% CrJ. This rompositc

sample and the sandwichw.i sample have ~inlilar dy-

namic behavior in that the final shock state is a re-

sult of a multi-shock process. This is the major fiLCILlr

in the reduction of tmnpcraturc incrriusr during shuck

loading. Of Iesscr il]]porlilnrc is the heat corldurtillll

hrtwren this Ciddt!r (;II part. iclvs and th[’hdtt’r 1’ i“; ilf-

tcr the passage of thr Mach wavr. Similar Ctmclusi(ms

on tcmpcraturc illcroiuw Ciirl he rrachwl usin~ Illixtun’

EOS ttmory.



,y 4,34 gm/CIII:’), hlach disk pressures for thr Aovc I)haw WIICMWst,rurturr did IIOL match iiIIY kl]()~il diil -

plosivcs arc rmrjwctivcly G8, 95, and 124 G l’a. ‘1’hc mend or graphite phaac. The Iatlicc spncings nwa-

Iative molar conmntrations for these cxpcririwnls arr surd rwcalcd a twxagonal st.ructurr with a u.!)~,

io listrd in Tiil)lc 1. IL is wirht that dissociation h ~.g~, an~{ ~ 2.S1 angstroms. ‘1’lwsr %“ anti

curs at a much higher prl!ssuro for Ltmc Illulti:lb ‘I)m Sl)acings :nm..urcd arc crmsistcnt with Lhr f.’tiiloit(”

ocked stairs tl)iill fur singldmck statm. This is phasr,5 hmw’vrr, t hc ‘cm Iat.tico paranwLrr is a rurious

graph ic i]]usLraLion Lh;ll ttWlpCratl: rr, I1O1 pmmurr mulliplr of five smalkr.

rain), is lllr d(mlillimt Vi! iahlr influtmrillg diswxia-

wr.

‘i’iit)lr 1, j) O]yrlhyh’IIt’ t{hisociiilb]l products from cylindrical rtwwcry rxprrimrnLs.

l’(GPa) I)iwiwiiilion I’roducti (nlolr ‘+]

Sdmph’ Kxllhwivr I ])/(:hll) (:!14 11~ (:~llfi (:3}1H othrr

I’t-lms s \l l:{,IIU No disstiiatioll

I’1:-1741 s%! 1311S \n tlissoriat,ion

l’}: -l(im I )t’l&%hrrt 1) l!)/2i M !)

l’}:- 17:1s

4 () I
l)!”t,i~.tllw’~ 1) 1!)/27

““
4 I 3 4* c)

I’E-15M[) 1)rt&%tllw~t 1) 1?/:7 ;:i 4 13 4 3

1’ E- I W? ( :Olllp ( : ‘1.~,/~() H2 If: 1 (’l 1

I’E-1737 (:tmlp ( ‘ 2.7/40 Ml 5 IO 3 I

l’};. (: U- 173!) x >1 t;u/- S0 (lisscKiilLiOn

l’E”(’11-17t2 I h’l,u. tld’rt I ) !),5 :- M4 1 1() 2 4

l’}: ( ‘Ii- 171;:{ (:111111)(“ + 70 3 I :1 3 II
——
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Iiameter until the Ilugoniot pressure (157 Cl]a) in SS

s reached that corresponds to the shock velocity equal

o the Comp C detonation velocity. This maximum

mssure condition corresponds to zero sample diame-

er.

60
o\

\
o.

0.

I -o 0

I30

1:1.11 1 ..-
0 1 t“, 3 A :} b

!;iitTIL)l(’ [)]dm~tt?r’ [crm)

F1(:[IRK 2
fach disk presssurr varialion with I’hqhf A sil;])l)lt! di-
metcr for a givm cal)sillc/cxI)l(Jsiv~’ gcornrtry.

positions were also calculated on rclca..c isentropcs

ever this same Hugoniot pr=surc range. Only triv-

ial changes in the molar concentration were observed

upon rckme to the initial volume. In the absence U:

any strong rcshocks, the composition of the product-s

observed in the recovery capsules is indicative of the

composition on the Iiugoniot. IIowcver, our 211 Eu -

Icrian calculations showed reshocks of the order cf 2

to 3 GPa. These rcshocks could result in a significant

tcmpcraturc incrcasm because the PV work could ho

significant. If this is the case, the 112 concentration

would hc cxpectcd to incrca..c due to the large tcn~pcr-

ature incrcax iuwociat.mi with these rcshocks. In mak-

ing comparisons twtwccrr calculations and cx])crimcn-

tal results, an inherent uncmtainty is present bccaust’

onc does not know when chemical reactions freeze out

as the sarnplc cools. In gmwral, however, tlw ohscrvm!

dissociation products and ttlcoretical calculation arc

in ~uocl qualitative agrccmcnt.
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